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Abstract
The main objective of this work is to evaluate the use of two mix design procedures for designing bituminous pavement mixes
with foamed bitumen. Mix design was carried out following the South African and Caltrans guidelines. The RAP materials
used for mix design were collected from the NH-5, Chennai-Tada section. Using foamed bitumen produced from Wirtgen
WLB 10 foaming equipment, a mix with RAP material, virgin aggregate and active filler were produced in the pug mill
mixer. Marshall compaction effort was used for fabricating the samples. Using the indirect tensile strength test on dry and wet 
specimens, the optimum binder content was determined. It was seen that the two mix design procedure adopted showed
different mix constituents despite using the same RAP source.
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1. Introduction
A wide range of mix design procedures exist for foamed bituminous (FB) mixtures. Each of them differ in
terms of gradations, method for determination of percentage of foamed binder content, type and content of active
filler, moisture content and the methodologies associated with size of sample, mixing, curing and compaction.
The mix design procedures are also strongly dependent on the type and quality of reclaimed asphalt pavement
(RAP) available. Since different countries have different pavement cross-section with the mix constitution
varying considerably, it is obvious that the mix design procedure also varies. However it should be emphasized
that the overall framework towards the design of foamed bituminous mix remains more or less the same. The
overall objective of the FB mix design procedure is to determine the appropriate quantities of foamed bitumen,
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RAP material, virgin aggregates, active filler, moisture content and foamed bitumen at optimum temperature and 
foaming water content, such that the mix laid and compacted in the field should withstand traffic load and 
perform over its service life for which it is designed. The interesting issue is related to the criteria used for the 
choice of foamed binder content. This depends on whether the mix design methods treat the FB mixtures as 
granular materials or bituminous materials. Most of the mix design methods for FB mixtures use indirect tensile 
strength test (ITS) in different variations.    
Mix design procedure developed in South Africa by Asphalt Academy (2009) is based on the research work 
carried on pavement with thin wearing course supported by cement treated base and stabilized sub-base. The 
basis of mix design procedure for FB mixes developed by Leek and Jameson (2011) for Australia and Wirtgen 
(2012) follows the procedures stipulated by Asphalt Academy (2009). The term Bitumen Stabilised Material 
(BSM) is used in South Africa for foamed bituminous mixes. BSM has been in use in South Africa for more than 
a decade. An interim guideline document was published in 2002 by the Asphalt Academy. In May 2009 the 
second edition was published following further extensive research (Ebels and Jenkins 2007). The South African 
method of mix design treats the RAP material as a black aggregate and does not consider the influence of 
softening of aged bitumen present in RAP. On the other hand, the mix design procedure developed in the United 
States have RAP material with higher percentage of aggregates coated with binder as pavements in the United 
States have thick bituminous layer supported by base and sub-base layer (see for instance Caltrans, 2009).   
This investigation reports the mix designs carried out using South African and Caltrans procedure on a RAP 
from NH-5, Chennai-Tada section. In the following, the specific details related to South African and Caltrans 
procedure are outlined. The choice of materials, the experimental investigations carried out to determine the 
constituents and the comparison of the final volumetric properties of the mixes designed are outlined 
subsequently.  
2. Overview of mix design procedure 
2.1 South African mix design procedure (Asphalt Academy 2009) 
The mix design procedure for BSM involves three levels of testing on the mix. Table 1 shows the details 
of the parameters involved. While BSM1 material has high shear strength and can be used as a base layer for 
design traffic greater than 6 million equivalent standard axles, BSM2 material has moderately high shear strength 
and can be used for a base layer for design traffic less than 6 MESA. The BSM3 material can be used as a base 
layer for design traffic less than 1 MESA. Based on the results of the mechanical tests, different levels are 
classified and these details can be found in Asphalt Academy (2009).  
 
Table 1:  Details on levels of testing for BSM (Asphalt Academy 2009) 
 
Level Mechanical 
Test 
Specimen size Compaction Curing Purpose 
Level 
1 
ITSdry, ITSwet 
and Tensile  
Strength Ratio 
100 mm dia 
and 63 mm 
height  
Vibratory 
hammer or 
Marshall  
72 hrs at 40°C for ITSdry, and then 
specimen soaked in water for 24 hrs for 
ITSwet 
Foamed bitumen content 
optimization: Active filler type 
and content determination 
 
Level 
2 
ITSequilibrium 
and ITSsoaked 
150 mm dia 
and 127 mm 
height 
Vibratory 
hammer  
20 hrs at 30°C unsealed and 48 hrs at 
40°C sealed for ITSequilibrium and  then 
specimen soaked in water for 24 hrs for 
ITSsoaked 
 
Foamed bitumen content 
optimisation  
Level 
3 
Triaxial  150 mm dia 
and 300 mm 
height 
Vibratory 
hammer  
72 hrs at 40°C dry curing Shear properties: Moisture 
resistance 
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2.2 Overview of Caltrans mix design procedure (Caltrans 2009) 
The technology of cold mix recycling with foamed bitumen was introduced in California department of 
transportation (Caltrans) in 2000. Since then, a number of road projects have been rehabilitated with this 
technology. The pavement composition in California has thick bituminous layers over thin aggregate base and 
sub-base. The Caltrans guidelines for Cold mix design have two mix design procedures: Level-1 and Level-2. 
Level-1 testing requires a minimum of 72 numbers of ITS tests on 100 mm diameter and 63.5 mm height 
specimen by standard Marshall compaction. The curing of the specimen varies with the purpose of test carried 
out such as the determination of optimum foamed bitumen content and active filler content. The ITSdry and ITSwet 
test of the South African test method is referred in the Caltrans manual as ITSunsoaked and ITSsoaked respectively and 
is same in terms of temperature and hours of curing as given in Table 1. The tensile strength retained and 
temperature sensitivity tests are optional and if this is included, an additional 24 numbers of ITS tests are 
required. Level-2 testing requires a minimum of 36 ITS tests.  
 
2.3 Key differences between Asphalt Academy and Caltrans procedure 
2.3.1 Gradation 
Figure 1 shows the grading requirements of foamed bituminous mixes for Asphalt Academy and Caltrans 
procedure. Here AA denotes Asphalt Academy in Figure 1. It is observed that Asphalt Academy grading 
requirements is uniform and finer as compared to Caltrans.  
 
 
Fig 1: Grading requirements for foamed bituminous mixes (Asphalt Academy 2009, Caltrans 2009) 
 
2.3.2 Determination of optimum and mixing moisture content 
In the Asphalt Academy procedure, the determination of optimum moisture content (OMC) is carried out on 
the untreated material without any addition of active filler using Modified AASHTO compaction 
(AASHTO:T180-10 (2010)). Here, 75% of OMC (called as mixing moisture content  MMC) is added before 
treating the material with foamed bitumen and the remaining 25% of OMC is added after treatment with foamed 
bitumen for making samples. The Marshall compaction method is followed in the absence of vibratory hammer 
compactor. In the Caltrans procedure, the OMC of the untreated material with addition of active filler is 
determined using Modified AASHTO compaction (AASHTO:T180-10 (2010)). The OMC determined is used as 
starting moisture content for determination of MMC. It should be noted that MMC is same as compaction 
moisture content and determined after addition of active filler in the Caltrans procure whereas in Asphalt 
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Academy procedure OMC is same as compaction moisture content. The compaction moisture content is the water 
content referred for mixing the material in field. 
2.3.3 Determination of active filler 
As per the Asphalt Academy procedure, the effectiveness, type and need of active filler in the mix are a trial 
and error process. Using the ITSwet test results of cured and soaked 100 mm diameter specimen and the retained 
cohesion from the triaxial test, the type and active filler are determined. Asphalt Academy (2009) also prescribes 
the maximum quantity of cement and lime as 1% and 1.5% respectively. In the Caltrans procedure, the optimum 
active filler type and content is determined by conducting ITSsealed (24 hrs curing in sealed plastic bag at 25°C) 
test on 100 mm diameter specimen. The quantity of cement is varied up to a maximum of 2% and the hydrated 
lime is varied up to a maximum of 3%. The percentage of the active filler at which the maximum improvement of 
the ITSsealed value over the untreated sample is obtained is chosen. In the Asphalt Academy (2009) procedure the 
determination of active filler is carried out before the determination of optimum foamed bitumen content whereas 
in the Caltrans procedure the active filler determination is carried out after the determination of optimum foamed 
bitumen content values.  
2.3.4 Determination of optimum foamed bitumen content 
In the Asphalt Academy procedure, for determination of optimum foamed bitumen content, the sample is 
prepared by mixing RAP, virgin aggregates (if any), OMC, active filler content and varying foamed bitumen 
content from 1.7 to 2.5%. The size of the specimen, compaction and curing is governed by the level of testing 
given in Table 1. For level 1 the optimum binder content is determined by ensuring that ITSdry and ITSwet is 
sufficiently high. Once the optimum foamed binder content is determined in Level 1, Level 2 and Level 3 tests 
are carried out as per design traffic. In the Caltrans procedure, the optimum foamed bitumen content is 
determined by conducting ITSwet test on 100 mm diameter specimen with varying quantity of foamed bitumen 
content with a maximum limit up to 4% by dry mass of mix and one sample is also casted without the addition of 
foamed bitumen as untreated control sample. The mix manufactured is composed of RAP, virgin aggregates (if 
any), MMC, and varying percentages of foamed bitumen content. It is to be noted here that active filler is not 
added in the mix. The percentage of the foamed bitumen at which the maximum improvement of the ITSwet value 
of 100 kPa over the untreated sample is obtained first is chosen. 
 
3. Experimental Investigations 
3.1 Materials 
 
Fig 2: Gradation of the RAP 
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The RAP material for the study was provided by M/s L&T-IDPL, Chennai from the National Highway (NH)-
5, Chennai-Tada road. Prior to collection of RAP material, cores were taken from the same locations to ascertain 
the cross section of the pavement. The cores extracted showed uniform cross section of the pavement with 
bituminous layers consisting of 40 mm Bituminous Concrete (BC) and 160 mm of Dense Bituminous Macadam 
(DBM) mixtures. The material was milled up to a recycling depth of 200 mm. The BC layer consisted of PMB40 
grade polymer modified binder and the DBM consisted of an unmodified binder of 60/70 penetration grade. 
For the purpose of this study 200 kg of RAP material from each location was collected from KM 32.500, 
36.300, 45.300 and 53.000 of the NH-5 section. Washed sieve analysis was carried out on all the four samples as 
per ASTM:D422-07 (2007). Figure 2 shows the gradation of the RAP material. It is observed from Figure 2 that 
there was no significant variation in the gradation of the RAP material except for the RAP material collected 
from KM 32.500. This section consisted of more fines as compared to the RAP collected from the other three 
locations. The residual binder content of the RAP material collected was also determined by ignition oven 
method as per ASTM:D6307-10 (2010) and it ranged from 4.25 to 4.33 %. 
3.2 Determination of specific gravities of RAP 
The bulk specific gravity of the aggregates in the RAP material was calculated by two methods. In the first 
method, the bulk specific gravity (Gsb), apparent specific gravity (Gsa) and water absorption of the aggregates 
recovered after extraction of bitumen from the RAP material was determined as per appropriate ASTM standards. 
The individual specific gravity tests were carried out on coarse aggregate, fine aggregate and fines passing 0.075 
mm sieve and the combined RAP aggregate specific gravity were then calculated. In the second method (FHWA 
2011), Gsb of RAP, the theoretical maximum specific gravity (Gmm), binder content (Pb) and percentage binder 
absorbed (Pba) by the aggregates of RAP material was determined. It was assumed in both the methods that the 
complete burning of binder has occurred in the ignition oven and there was no bitumen present in the aggregate. 
However in actual practice some small amount of absorbed bitumen may be present in voids permeable to 
bitumen of the aggregates. It was found that the Gsb of RAP determined by first method was 2.612 and Gsb of 
RAP calculated by second method was 2.661. The Gsb determined from the recovered aggregates was lower than 
the calculated Gsb due the possible change in the aggregate gradation which can happen during the burning in 
ignition oven. In this investigation, the Gsb obtained from second method was used. 
 
Table 2: Gradation of stone dust and cement OPC 53 grade 
 
Sieve Size (mm) 
 
Percentage passing (%) 
Stone dust Cement OPC 53 
grade 
6.7 100.00 100.00 
4.75 89.90 100.00 
2.36 69.90 100.00 
1.18 54.20 100.00 
0.600 42.50 100.00 
0.425 35.00 100.00 
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3.3 Gradation of stone dust and cement 
The gradation of stone dust to be added in Asphalt Academy (2009) procedure and cement OPC 53 grade used 
as active filler is shown in Table 2. The combined oven-dry bulk specific gravity of the fines was 2.667 and the 
specific gravity of the cement OPC 53 grade was 3.10.  
4. Mix Design 
4.1 Asphalt Academy (2009) 
In this investigation, only Level 1 testing was carried out and the BSM was classified on the basis of ITSdry 
and ITSwet values. The RAP extracted from KM 36.300 was utilized for laboratory testing. The gradation lacked 
the minimum requirement of 4% material passing 0.075mm sieve and hence fresh aggregates in the form of 
material passing 4.75mm (stone dust) was added with the sample to achieve the required gradation as specified 
for BSM. A blend of 80 percent RAP material, 19 percent stone dust and 1 percent active filler (Cement OPC 53 
Grade) met the grading requirements for BSM. Figure 3 shows the gradation of the RAP material and the blended 
material with Asphalt Academy grading limits. 
Fig. 3: Gradation of RAP and blended material with grading limits as per Asphalt Academy 
 
Representative proportioning of the blended material was carried out by dividing the sample into three 
fractions. These are, a) materials passing 19.00 mm sieve and retained on 13.20 mm, b) materials passing 13.20 
mm and retained on 4.75 and c) materials passing 4.75 mm. The material above 19.00 mm size was discarded and 
its percentage was added to the material passing 19.00 mm and retained on 13.20 mm. The aggregates were 
mixed in various fractions to make a representative sample considering the variability of the RAP material. The 
initial moisture content was found to be in the range of 0.18 - 0.2% and this subtracted from the OMC at the time 
of adding water to the mix. VG10 binder was used in this study for foaming. The Wirtgen WLB 10 S foaming 
equipment was used in the laboratory to foam the binder. An expansion ratio of 15 and half-life time of 15 
seconds was obtained at 180°C foaming temperature and foaming water content of 6%, against a minimum 
requirement of 8 and 6 seconds. The OMC and the maximum dry density of the untreated blended material was 
determined as per method prescribed in AASHTO:T180-10 (2010) and was found to be 6.53% and 2.092 gm/cc. 
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The sample was prepared in Wirtgen WLM 10 pug mill mixer. 10 kg of material was mixed at particular 
foamed bitumen content. Three samples were prepared with 1.5, 2.0 and 2.5% foamed bitumen content. It is to be 
noted that 75% of the OMC was added before treating the material with foamed bitumen and the balance 25% of 
OMC was added after treatment. The sample was immediately transferred into plastic bag and sealed to prevent 
any loss of moisture before compaction. Six numbers of 101.6 mm diameter specimens and 63.5 mm in height 
were manufactured from each sample of treated material by applying Marshall compaction effort for heavy traffic 
(75 blows on either side). Approximately 1120 gms of mix was taken to achieve a compacted height of 63.5 
mm±1.5 mm for manufacturing one specimen. All the six specimens were dry cured and kept at 40°C for 72 
hours in a draft oven. After 72 hrs, the specimens were taken out and checked for constant mass. Three 
specimens were tested for ITSdry after cooling them at 25°C. The remaining three specimens were immersed in 
water for 24 hours at 25°C and after surface drying, tested for ITSwet. ASTM:D6931-12 (2012) was followed for 
ITS testing. The average ITS test results values in wet and dry condition with varying foamed bitumen content 
with their coefficient of variation (CV) expressed in percentage, TSR and dry density is given in Table 3. 
 
Table 3:  Average ITS test results in dry and wet condition 
 
Foamed Bitumen  
Content 
Av. ITSdry 
(kPa) 
CV  
(%) 
Av. ITSwet 
(kPa) 
CV  
(%) 
TSR  
(%) 
Dry density  
(gm/cc) 
1.5 255.79 6.88 204.06 7.48 80 2.054 
2.0 265.45 3.49 212.32 6.57 80 2.083 
2.5 200.90 2.71 170.22 3.04 85 2.048 
 
 
From Table 3 it is observed that at 2% foamed bitumen content, ITSdry and ITSwet was higher than the 
specified value of 225 and 100 kPa for BSM1 class material (Asphalt Academy 2009). Based on this, 2% 
optimum foamed bitumen content was chosen for mix design. 
4.2 Caltrans (2009) 
In this investigation, Level 1 mix design procedure was carried out. RAP material from chainage KM 32.500 
was utilised for carrying out mix design. Since the gradation satisfied the minimum requirement of 5% material 
passing 0.075 mm sieve, stone dust was not added. The initial moisture content of the RAP material was 
determined as per ASTM:D2216-10 (2010) and was found to be in the range of 0.09 to 0.13%. The OMC was 
determined as per the method prescribed in AASHTO:T180-10 (2010). The OMC and MDD of the untreated 
material were found to be 6.35% and 2.100 gm/cc respectively. VG10 binder was foamed with foaming 
temperature of 160°C and foaming water content of 4% and this gave an expansion ratio of 12 and half-life time 
of 12 seconds against a minimum requirement of expansion ratio of 10 and a half life time of 12 seconds. The 
MMC was determined to find out the water content at which the material treated with foamed bitumen is mixed 
and compacted to the maximum dry density. The sample was prepared by adding RAP material, 3% foamed 
bitumen content and 1% cement by mass of the dry mix. 3% foamed bitumen content was added as a trial value 
as prescribed in Caltrans (2009). The final percentage of foamed bitumen content is determined after 
determination of MMC. Four samples with varying water content with OMC of the untreated material, OMC of 
the untreated material minus 1, 2 and 3% water content were prepared. The maximum dry density was achieved 
at 5.03 % moisture content.  
For determination of optimum foamed bitumen content, four number samples were prepared with RAP 
material, 5.03% moisture content and with varying foamed bitumen content of 0, 1, 2 and 3 percent, in Wirtgen 
WLM 30 pug mill mixer. 101.6 mm diameter Marshall specimens were manufactured as before and tested for 
ITSwet. Average ITSwet test results at varying bitumen content are given in Table 4. A maximum improvement of 
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101.84 kPa was observed over untreated sample when 3% foamed bitumen was added, hence 3% was chosen as 
optimum foamed bitumen content. 
 
Table 4: Average ITSwet  test results with varying foamed bitumen content 
 
Foamed bitumen 
content (%) 
ITSsoaked 
(kPa) 
CV 
(%) 
Improvement of ITSwet over 
untreated sample (kPa) 
0 45.85 11.28 0 
1 57.44 9.17 11.59 
2 90.71 8.20 44.86 
3 147.69 5.90 101.84 
 
The samples for determination of type and active filler was prepared by mixing RAP material, 5.03% moisture 
content, 3% foamed bitumen with varying percentage of 0, 0.5, 1 and 1.5 percent of cement and 1, 1.5 and 2 
percent for hydrated lime respectively, in a pug mill mixer. 101.6 mm dia. specimen were manufactured from 
each sample and tested for ITS after curing them for 24 hrs in a sealed bag at 25oC. Figure 4 shows the ITS 
values with variation of cement and lime respectively. 
                              
Fig 4: Variation of ITS with varying filler content 
 
It is observed from Figure 4 that when cement is used as active filler, the measured ITS values are 
considerably high for a given percentage. It is seen that addition of 1% cement resulted in highest ITS value and. 
hence 1% of cement was selected as active filler in the mix design. The TSR of the mix was determined and was 
found to be 55.94%, which is 50% above the Caltrans prescribed limit.  
5. Volumetric properties of foamed bituminous mixes 
This section reports the volumetric properties such as bulk specific gravity (Gmb) of the compacted mix and 
theoretical maximum specific gravity (Gmm) of the loose mix and air voids (Va) of samples prepared with the two 
mix design methods. The specimens were also tested for Marshall stability and flow values at 28 and 60°C 
temperature at each foamed bitumen content. For this exercise, RAP material from KM 45.300 of Chennai-Tada 
road was utilised. For preparation of sample, the mix design composition as obtained by the South African and 
Caltrans procedure was followed. The main idea here is not to compare across the South African and Caltrans 
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procedure but to determine the changes in the volumetric properties as the binder content is varied in these 
individual mix designs. The mix composition and specimen detail for both the methods used for preparation of 
sample is given in the Table 5.  
The specimens were cured for 3 days at 40°C in draft oven. The specimen were taken out from the oven and 
cooled at room temperature for determining the bulk specific gravity (Gmb) of the compacted FB mix by vacuum 
sealing method as per ASTM:D6752-11 (2011). The Gmb of the all six specimens at each foamed bitumen content 
was determined. Marshall test was conducted on all the specimen. Three specimens were tested at 28°C and the 
remaining three specimens were tested at 60°C. The specimens were then loosened and the theoretical maximum 
specific gravity (Gmm) was determined. The Va was calculated once the Gmb and Gmm was determined. Table 6 
shows the details of the volumetric properties and the Marshall test results.  
It is seen from Table 6 that the air voids of the samples are considerably higher when compared to the hot mix 
asphalt. Since these layers are expected to replace the existing DBM layers, it is not clear whether such high air 
voids will result in significant deformation. However, it is well known that these materials gain considerable 
strength during the curing process in the field. It is also interesting to note that while the Asphalt Academy 
(2009) treats the material more like a granular material, the Caltrans (2009) method considers the possibility of 
the material behaving like bituminous materials.  
As can be seen in this investigation, the mix design method is very empirical and is based on lot of 
questionable assumptions. Most of these empirical procedures were developed based on considerable field and 
laboratory data and depends to a large extent on the quality of RAP available. It is necessary that India collects 
such data so that the pavement engineer will have sufficient confidence in using foamed bituminous mixtures.  
 
Table 5: Mix composition and specimen details for FB mix for volumetric analysis 
 
Mix composition Asphalt Academy (2009) Caltrans (2009) 
RAP material 80% by weight of total mix 99% by weight of total mix 
Fines (Stone  Dust) 19% by weight of total mix NIL 
Cement (Active Filler) 1% by weight of total mix 1% by weight of total mix 
OMC 6.53% by weight of total mix 5.03% by weight of total mix 
Bitumen grade 
Bitumen expansion ratio 
Bitumen half-life 
Foaming temperature 
Foaming water content 
Grade VG 10 Grade VG 10 
15 times 12 times 
15 12  
180oC 160oC 
6% 4% 
Foamed bitumen content 0, 1, 2, 3, and 4% 0, 1, 2, 3, and 4% 
 
Conclusions 
In this investigation, we reported the mix design methodologies using the framework proposed by Asphalt 
Academy (2009) and Caltrans (2009). Each of these methods treats the RAP differently and hence suggests 
constituents varying in their proportion and content. While the strength test for determining the foamed binder 
content is the ITS test, the manner in which the test is carried out and interpreted are different. These 
investigations are preliminary in nature and probably the first of its kind for India. It is hoped that considerable 
data related to mix design and structural performance using foamed bituminous mixtures will be  collected  in the 
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years to come so that India can critically look at these methods and evolve one more suited to the Indian 
conditions.  
 
Table 6:  Volumetric properties and Marshall test values for FB mixes 
 
 
Properties 
Asphalt Academy mix design procedure Caltrans mix design procedure 
Foamed Bitumen Content (%) Foamed Bitumen Content (%) 
0 1 2 3 4 0 1 2 3 4 
Unit weight 2.005 2.035 2.038 2.001 1.967 1.984 1.993 1.992 1.990 1.985 
Gmb 2.033 2.044 2.061 2.045 1.976 2.031 2.031 2.038 2.030 2.021 
Gmm 2.537 2.527 2.460 2.436 2.350 2.505 2.455 2.433 2.404 2.365 
Va (%) 19.87 19.11 16.22 16.05 15.91 18.92 17.27 16.24 15.56 14.55 
Marshall Stability at 28oC (KN) 23.97 23.55 21.03 19.55 15.20 22.12 20.72 19.65 19.55 19.41 
Marshall Stability at 60oC (KN) 11.00 10.28 8.07 8.71 5.59 11.23 7.49 7.62 6.22 5.76 
Marshall Flow at 28oC (mm) 2.51 2.73 2.07 2.20 2.54 2.19 3.76 4.03 4.39 4.80 
Marshall Flow at 60oC (mm) 2.41 2.55 2.83 3.11 3.50 2.14 2.91 3.32 3.02 3.29 
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